Background: Multiple Hereditary Exostoses with distal ulnar exostosis often results in forearm deformity and functional restrictions. Literature reported variable outcomes and frequent complications with an aggressive approach of ulna lengthening. The role of distal ulnar exostosis excision remained uncertain with contradictory effect in restoring growth. Our study aimed to report our outcome of simple excision and compare with the reported results in literature. Method: Retrospective review was carried out in patients with distal ulnar exostoses excision who were operated from 2003 to 2011. Patients with less than 3 years of follow-up, radial head dislocation or subluxation, or within 3 years of skeletal maturity were excluded. Clinical outcome including range of forearm rotation was documented. Radiological outcomes including radial articular angle, carpal slip, ulnar variance and radial bowing were measured. The results were analysed statistically and compared with literature. Results: Five cases were included in our study. All had excision of exostosis, and one case had additional ulnar lengthening. Mean age of operation was 10.4 years. Mean follow-up time was 72 months. Improvement was shown in the range of pronation, radial articular angle, carpal slip and ulnar variance, in the cases with simple excision alone. Improvements were mostly achieved at the first postoperative year. However, for the case with concomitant lengthening, ulna shortened relatively with growth, and complications were reported. This phenomenon is in keeping with the literature finding. Conclusion: Simple excision of distal ulnar exostosis improves forearm rotation and provides some restoration of growth in skeletally immature patients with Masada type I deformity.
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Introduction
Multiple Hereditary Exostoses (MHE) is an autosomal dominant condition caused by EXT1 or EXT2 gene mutation. One of the manifestations of MHE is forearm deformity. Prevalence of the forearm deformity in MHE patients ranged from 40% to 74%. Porter et al 1 showed that size of exostosis is inversely proportional to the length of bone and concluded that the growth retardation is contributed by local effect. Exostosis at distal ulna causes more severe forearm deformity than that in radius due to relatively greater contribution to longitudinal growth and smaller in diameter. 7 The relative shortening of ulna tether on the radius, contribute to Madelung-like deformity in the wrist, radial bowing (RB) and radial head dislocation. 3, 15 Treatment recommendation for forearm deformity in MHE showed great diversity. Fogel Excision of the distal ulnar exostosis was often performed in combination with ulnar lengthening, and it was seldom performed alone. Whether simple excision restores function and normal growth of the forearm bones remains controversial. We therefore report our cases to add to the understanding of the outcome of excision of distal exostosis and compare it with those reported in literature.
Method
We retrospectively review all the skeletally immature patients with distal ulnar exostoses who were operated in our Centre from year 2003 to 2011. Approval was obtained from the institutional ethics and research board for the study. Exclusion criteria include absence of forearm stiffness, radial head dislocation or subluxation and the operation done within 3 years of skeletal maturity. A minimum follow-up period of 36 months after operation is required. A total of five cases were included into our study (Table 1) . Medical notes and radiographs of the patients were retrieved from hospital database.
Operative techniques
Preoperative computer tomography was employed to assess the position of the tumour and its relationship with adjacent physis. Excision of the osteochondroma was performed or supervised by a hand specialist (AKY.Choi, PT.Chan or YY.Chow). Ulnar lengthening was carried out by callotaxis and gradual distraction in addition to excision in Case 5 with a small uniplanar external fixator (Orthofix, Verona, Italy).
Outcomes measurement
Functional outcome in terms of wrist, forearm and elbow movement was collected from patients' record. From the patient's anteroposterior radiographs of the operated forearm, we measured the ulnar variance (UV), carpal slip (CS), radial articulating angle (RAA) according to Fogel Wilcoxon signed ranks test was used to compare between measurements at preoperative, one year postoperative and final follow-up, using IBM SPSS Statistics Standard Edition 22.0 for Windows (IBM Corp., Armonk, NY, USA).
Literature research
Literature research was performed using the PubMed platform (https://www.ncbi.nlm.nih.gov/pubmed) under the keyword search of ulnar þ exostosis to look for English scientific articles covering results of excision of distal ulnar exostosis in cases without radial head dislocation (Masada type I).
Results

Demographics
Two male and three female are included. The mean age of operation is 10.3 years. The mean follow-up time is 72 months. One patient had concomitant excision of distal radial exostosis, and another one had excision of distal ulnar exostosis and gradual distraction of ulna in the same operation.
Overall outcome
There were statistically significant improvements in pronation range, total arc, UV and CS between preoperative and last followup.
Clinical outcome of simple excision alone
The average increases in supination and pronation range were 17.5 and 27.5 , resulting in a total 45 gain in rotation. Increases in supination, pronation and total arc range were close to but not to the extent of statistical significance (p ¼ 0.059 and 0.066). Most of the improvements were achieved at the first year follow-up and maintained until the last follow-up (Tables 1 and 2 ). No complications occurred with simple excision. No further surgery in the operated forearm was needed. All patients were satisfied with the excision operations.
Radiological outcome of simple excision alone
The average reduction in UV, RAA and CS were 9.1 mm, 9.6 and 25%, respectively. Improvements were attained mostly in the first year and were maintained until the last follow-up. There was reduction in UV, RAA and CS, but not to the extent of statistical significance (p ¼ 0.068). The reductions of UV and CS were again achieved at the first year of follow-up (p ¼ 0.066 and 0.068) and maintained until the last follow-up. RB was not significantly different in any occasion. Case 1 was illustrated as an example in Figure 2 .
Case 5 Distal ulnar exostosis excision and ulnar lengthening (Figure 3)
For this single case with exostosis excision and ulnar lengthening, it was complicated with pin tract infection during distraction, requiring debridement and change of bone pin. There was also a delay in callotaxis consolidation. A final length of 28 mm was gained. Despite these complications, good improvements in both functional and radiological parameters were attained at 1 year after operation. By the latest follow-up, there was progressive loss of the relative ulnar length gained by lengthening, despite concomitant excision of the distal ulnar exostosis. Radial articular angle also progressed beyond preoperative level. This is in keeping with a high recurrence rate of ulnar shortening in literature, a phenomenon that had been repeatedly documented but not well illustrated (Table 3) .
Discussion
Distal ulnar exostosis is incriminated as the most significant aetiological pathology in the development of forearm deformity in patients with MHE. Excision of the exostosis is commonly practiced but mostly as a supplementary procedure to ulnar lengthening. Results of simple excision were limited and variable (Table 4) . No controlled study is available to compare the effect of simple excision of distal ulnar exostosis with that of lengthening and excision.
Our short series represents the longest follow-up of simple excision of distal ulnar exostosis in the literature. Despite the small sample size, we demonstrated consistent improvement in both forearm rotation and radiological parameter (UV, CS and RAA) after distal ulnar exostosis excision alone. Shin et al 8 reported increased supination but no radiological improvement after simple excision of distal forearm exostosis. In Shin's series, 11 cases with adjacent radial exostosis and five cases of isolated distal radial exostosis were included in the analysis of 22 cases. The actual effect of distal ulnar exostosis excision was likely masked in this case mix. Ishikawa et al 9 later shown that the presence of opposing distal radial exostosis is a poor prognosticating factor for distal ulnar exostosis excision. Jo et al 17 further added a type IV to the original Masada classification when exostoses exist in both the distal portions of the radius and ulna. In our series, opposing distal radial exostoses was present in three of four cases. They did not seem to jeopardize the result of CS, but there was a trend of deteriorating RB. We believe that a precise preoperative planning with computed tomography scan may help to optimise the extent of excision and ensure good result.
There was rapid and satisfactory restoration of growth in the ulna after excision in the first year. The first year and final results of simple excision also suggested that improvement was maintained series showed that the final improvement in UV fell short of the initial ulnar lengthening in 71% of cases (Table 3 ). This rebound phenomenon is poorly understood. Premature physeal closure or physeal dysfunction is a possible explanation. Excision of distal ulnar exostosis did not serve a preventive role against recurrence in many of these cases. This is in contrary to the early belief of Masada and his group. 2 We do notice weaknesses of our study. First, the sample size was too small to provide a statistically significant result. Second, patient satisfaction and function performance were not recorded properly and quantified, which maybe an important outcome to be measured.
Overall, there is a trend that simple excision provides outcome comparable with combined surgery. There was no complication in simple excision in our series. However, severe pin tract infection and delayed healing were recorded in our case of ulnar lengthening. Other complications, such as malunion, posterior interosseous nerve palsy and synostosis, were also reported. 2, 10, 14 One may consider reserving ulnar lengthening as a secondary procedure should simple excision fails to achieve the desirable outcome. A randomised controlled study comparing simple excision with combined procedure would be beneficial to solve the controversy.
Conclusion
There is a trend that excision of distal ulnar exostosis behaves differently with or without concomitant lengthening. Simple excision of distal ulnar exostosis provides improvement in forearm rotation and some restoration of growth in skeletally immature patients with Masada type I deformity. Ulnar lengthening and its complications could be avoided in some of these cases.
